Twenty-three species of Ulota from South and Central America have previously been reported. A revision of the species suggests that number should be reduced to thirteen (Ulota billbuckii, Ulota fuegiana, Ulota germana, Ulota larrainii, Ulota luteola, Ulota macrocalycina, Ulota macrodontia, Ulota magellanica, Ulota phyllantha, Ulota pusilla, Ulota pycnophylla, Ulota rhytiore and Ulota streptodon) with eight names (Ulota aurantiaca ¼ U. pycnophylla, Ulota carinata ¼ U.fuegiana, Ulota fernandeziana ¼ U. fuegiana, Ulota glabella ¼ U. fuegiana, Ulota lativentrosa ¼ U. pusilla, Ulota lobbiana ¼ U. germana, Ulota pygmaeothecia ¼ U. luteola and Ulota rufula ¼ U. germana) reduced to synonyms, as well as three varieties (U. fuegiana var. crispata ¼ U. fuegiana, U. rufula var. fagicola ¼ U. germana and U. rufula var. patagonica ¼ U. fuegiana). The taxonomic status of two names (Ulota angustissima and Ulota ventricosa) remains ambiguous. The typification of five names (U. macrodontia, U. magellanica, Ulota nothofagi, Ulota persubulata and U. pygmaeothecia) is proposed here. With the first report of Ulota crispa for South America, the total number of species accepted here for this region is fourteen. Two species (i.e. U. phyllantha and U. crispa) occur in both Hemispheres, one species (i.e. U. rhytiore) is only present in the Northern Hemisphere, whereas the remaining eleven species are all restricted to the Southern Hemisphere. Among them, nine (U. billbuckii, U. fuegiana, U. larrainii, U. macrocalycina, U. macrodontia, U. magellanica, U. pusilla, U. pycnophylla and U. streptodon) are restricted to South America, and two (U. germana and U. luteola) are distributed in South America and Oceania. The peristomes and spores of seven accepted species are illustrated in SEM micrographs. A key to all accepted species as well as descriptions, illustrations, synonyms, ecological and geographic distributions, and discussions are provided.
Introduction
Ulota Mohr (Orthotrichaceae) is a genus of mostly epiphytic mosses. The plants typically have crisped leaves, hyaline basal marginal leaf cells, and a diplolepideous peristome consisting of 16 exostome teeth and eight endostome segments. The stomata are superficial and the calyptra is hairy or naked. Ulota occurs mainly in temperate areas, with few taxa extending into the tropics or subantarctic/subarctic regions (Albertos et al., 2008; Seppelt, 1978; Vitt, 2003) .
Twenty-three species of Ulota from South America were cited by Wijk et al. (1969) . Four of them were excluded from the genus or reduced to synonyms, making the remaining number of species 19 (Crosby et al., 2000) . Subsequently, one species from Central America was transferred from Orthotrichum to Ulota (Albertos et al., 2008) and three new species were added (Garilleti et al., 2012 (Garilleti et al., , 2015 . After those additions the total number of Ulota species in South and Central America was 23, which is more than in Africa (5), Asia (18) , Europe (9), Oceania (14) or North America (9). Most of these species occur only in southern South America.
The genus Ulota has existed for more than two centuries (Mohr, 1806). Mohr's separation of Ulota from Orthotrichum was not generally accepted for a long time (Hooker and Greville, 1824; Kindberg, 1897; Malta, 1933; Mitten, 1869) because the morphological differences between the two genera were not clear. With the increasing number of species under Ulota, from three at that time to almost seventy (Albertos et al., 2008; Crosby et al., 2000; Garilleti et al., 2015) today, it has been accepted by modern bryologists. The genus Ulota is gametophytically distinguished from Orthotrichum by the often crisped leaves when dry, which are usually erect in the latter. Moreover, there are several rows of hyaline cells at the leaf base in most Ulota species. Sporophytically, capsules in Ulota are always exserted (and generally long) except Ulota rhytiore in Central America, and never smooth when dry and with superficial stomata. Using these characters, we can easily discriminate Ulota from Orthotrichum in most cases.
The first species of Ulota reported from South and Central America was Ulota magellanica (Mont.) A.Jaeger, described as Orthotrichum magellanicum by Montagne (1843) . Soon thereafter, Montagne (1845) described another species, Orthotrichum germanum Mont. (≡Ulota germana (Mont.) Mitt.) from Chile, while Müller (1845) almost simultaneously reported a new taxon, Zygodon ventricosus (≡Ulota ventricosa (Müll. Hal.) Malta). The fourth species, Orthotrichum luteolum Hook.f. & Wilson, was published by Hooker (1847) from Chile. More than ten years later, when Mitten (1860 Mitten ( , 1869 published his new species from the Southern Hemisphere, six taxa were reported from South America. During the next 30 years, another two species were described (Müller, 1885; 1897) . Ulota phyllantha was added to the South American flora by Brotherus (1925) . Malta (1927) revised the genus Ulota for South America and this is the only treatment of Ulota for this area so far. He accepted 17 names of which seven were new to science. The only taxon known from Central America, U. rhytiore, was described as Orthotrichum rhytiore (Allen, 2002 ) and transferred to Ulota by Albertos et al. (2008) . Ulota billbuckii, Ulota larrainii and Ulota streptodon are the most recently published species from this area (Garilleti et al., 2012 (Garilleti et al., , 2015 . All of the above 23 alleged species are reevaluated in the present taxonomic revision and the species number is reduced to 13. With the new addition of Ulota crispa, the number of species of Ulota recognized in Central and South America is 14.
Several reasons led us to undertake a revision of Ulota for South and Central America. Firstly, the southern part of South America harbors the highest species number and would thus be central to our understanding of the evolution of the genus. Secondly, twenty of the 23 species are regarded as endemics, which may reflect extremely narrow species concepts or simply a lack of comparative studies. Furthermore, half of the species have almost never been treated in any studies and have not been collected since their original descriptions, which may also point to ambiguities in taxon differentiation. Finally, the one revision done (Malta, 1927) is over eighty years old, and its descriptions and illustrations are incomplete.
Material and methods
The present study is based on herbarium specimens from B, BM, DUKE, E, H, JE, M, MICH, NY, PC and S. Seven type specimens were not available to us, either because they could not be located (i.e. U. ventricosa), were too old to be lent (i.e. U. crispa), have been lost in the mail (i.e. Ulota luteola), were under study by other bryologists (i.e. U. billbuckii and U. streptodon), were too fragmentary for scrutiny (i.e. Ulota angustissima) or cannot be obtained by loan in a short time (i.e. U. larrainii). Four species lack non-type specimens, most probably due to their rareness in the field. All specimens listed here with underline were cited by Malta (1927) .
Specimens were observed using an Olympus CX31 light microscope after soaking them with water. Only the species with sufficient material were examined using Scanning Electron Microscopy (SEM) to observe their peristome and spore ornamentation; the protocol was given in Wang and Jia (2012a Description: Plants green to dark, 0.5e3 cm high, rarely up to 9.0 cm, in tufts or cushions. Leaves usually crisped when dry, sometimes erect to flexuose, patent when moist, lanceolate from a broader base, acuminate. Costa single and strong, ending near the apex. Upper and middle laminal cells irregularly rounded, thick-walled, mostly with short or high papillae; basal inner cells rhomboidal to elongate-rectangular or vermiculate, smooth, thick-walled; basal margin differentiated in (1) 3e10 (x) rows hyaline cells, quadrate to rectangular, with thickened transverse walls.
Autoicous, rarely dioicous. Perichaetial leaves often slightly differentiated, rarely remarkably longer. Capsules short or long exserted, usually cylindrical, mostly 8-ribbed and constricted when dry. Stomata superficial, confined to the urn or the junction between urn and neck. Peristome often double, rarely single or none; exostome teeth 16, often united into 8 pairs, lanceolate, usually recurved when dry, papillose or striate; endostome segments 8, rarely 16 or none, filiform to lanceolate, hyaline or pale yellow, smooth outside, slightly to strongly coarse inside. Opercula with a short or long rostrum. Calyptra campanulate, hairy, seldom naked. Spores unicellular, rarely multicellular, globose, finely papillose to verrucose, 18e40 mm, sometimes more than 100 mm in diameter.
Discussion: All species of Ulota reported from Central and South America are included in this work and 13 of them are accepted by us, as well as one new report for this region. One difference between these Ulota species and those in other parts of the world is the smaller plant size. They are usually less than 2 cm, while outside Central and South America often reach up to 3 cm high, rarely to 9 cm, i.e. Ulota splendida from Papua New Guinea. Another peculiarity of Ulota in this area is the high percentage of species with stomata restricted to the urn. Six out of 14 species belong to this category, but in other continents there are only two such species, i.e. Ulota cochleata from Oceania and Ulota ecklonii from Africa. Illustration: see Garilleti et al., 2012 , peristome and spore also shown in figures of U. magellanica.
Habitat and distribution: Epiphytic, reported from Chile and Argentina.
Discussion: U. billbuckii is a distinct species due to the large multicellular spores and the endostome with a high basal membrane (Fig. 12 teu) . We only found three specimens of this species and their stomata location is not strictly consistent with the description of Garilleti et al. (2012) , according to which stomata are located in the upper half of capsule, mostly in the central part of urn. Based on our observations, they are present at the lower part of capsule, and even in the transition between urn and neck. We cannot make firm conclusions before seeing the type. U. magellanica is very similar to U. billbuckii in some characters, including the non-crisped leaves, few rows of hyaline cells at the basal leaf margin, 16 broad endostome segments and large spores. But U. magellanica is different in the completely free endostome segments, unicellular spores and stomata always at the junction between urn and neck. A detailed description and comparison was given by Garilleti et al. (2012) .
Additional specimens examined: ARGENTINA. Habitat and distribution: common in both temperate and boreal zones except Africa, only known from Chile in Central and South America, grows on trees.
Discussion: The known geographic distribution of U. crispa is increasing. The species was known only from the Northern Hemisphere until it was reported from Australia and Africa by Wang and Jia (2012b) . Here the species is newly reported from South America.
U. crispa has the typical morphology of the genus, including crisped leaves, markedly differentiated basal marginal leaf cells, cylindrical capsules, eight narrow-lanceolate endostome segments, stomata in the transitional zone between urn and neck, and hairy calyptra. U. germana and Ulota macrodontia are similar to U. crispa in their usually crisped leaves, but U. germana differs in the remarkably longer perichaetial leaves, and U. macrodontia has sixteen endostome segments and stomata distributed in the wall of the urn. There is no noteworthy variation of U. crispa between South America and other continents.
Additional specimens examined: CHILE. Description: Plants green above, gradually brown below, 0.5e2.5 cm tall. Leaves often flexuose when dry, sometimes weakly to strongly crisped, patent when moist, 1.3e3.2 mm long, lanceolate from a broad rounded base, long acuminate. Costa strong, ending shortly below the apex. Upper and middle laminal cells irregularly rounded, thick-walled, with 1 or 2 low papillae per cell; basal inner cells linear, elongate rectangular, vermicular, smooth, thick-walled; basal marginal cells often differentiated in 5e11 rows, hyaline, quadrate to rectangular, with thin walls or only transversely thickened walls.
Autoicous. Perichaetial leaves somewhat differentiated, lanceolate with shorter acumination and longer broad base. Capsules long exserted, cylindrical when moist, weakly to strongly constricted when dry, 8 furrows along the entire length; exothecial cells clearly differentiated into eight bands. Stomata superficial, present on the urn. Peristome double; exostome teeth 16, united into 8 pairs, lanceolate, densely papillose on both surfaces, often reflexed when dry; endostome segments usually 8, filiform, slender, almost as tall as the exostome, hyaline or pale yellow, smooth on the outside, and with scattered papillae on the inside. Opercula with a short beak. Calyptra campanulate, densely hairy, sometimes naked. Spores spherical, brownish, finely papillose, 23e43 mm in diameter.
Habitat and distribution: Epiphytic, endemic to Chile and Argentina.
Discussion: U. glabella was different from other taxa in this genus in its non-crisped leaves and naked calyptra as indicated in Mitten's (1860) protologue. But Malta (1927) emphasized its naked calyptra and serrated leaf margin in his revision. Examination of the type materials shows that the leaves of U. glabella are more or less crisped, the calyptra are naked and the leaf margin is entire。 Mitten's two characters fell within the variation of U. fuegiana, whose leaves fleuxose to crisped when dry and calyptra vary from naked to hairy. Moreover, Malta (1927) found a specimen of U. glabella with hairy calyptra (Patagonia acid., Isla Werthoff, P. Dus en s.n., 28 April 1897 in S but no barcode). We have fortunately seen this specimen and confirmed his result. We did not find the serrated leaf margin mentioned by Malta (1927) in the type material and this so-called "serration" is probably the papilla on the surface of marginal leaf cells according to his line drawing. There is hitherto no other authors reported serration on leaf margin in Ulota. Besides, Malta (1927) characterized the endostome in U. glabella as comprising of eight or sixteen segments, but examination of three capsules from the type material revealed endostome of only eight segments. . Furthermore, U. glabella is also consistent with U. fuegiana in stomata position, occurring on the urn. To sum up, U. glabella is virtually identical with U. fuegiana in terms of leaf crisping, peristome structure, stomata position and calyptra hairiness and thus here regarded as a synonym of U. fuegiana. Notably, the type informations for U. glabella and U. fuegiana in Mitten's protologue (1860) are the same, i.e. "Hermite Island, Cape Horn, Dr. J. D. Hooker". Subsequently, Malta (1927) cited the type material of U. glabella as J. D. Hooker 141a, the one of U. fuegiana as J. D. Hooker 141b. The type information of E00052673 we studied here is completely identical with Malta's citation, as well as the isotype in PC. Consequently, this material should be isotype, not "isosyntype" as wrote on its package.
In the protologue, Mitten (1860) compared U. carinata with Ulota fulvella and considered them different in the crispness and size of the leaves and shape of the capsules. Malta (1927) emphasized the leaf shape, peristome structure and calyptra hairiness of U. carinata as distinguishing characters. Our examination has shown that U. carinata has somewhat crisped leaves, a broad band of hyaline cells at leaf base, cylindrical capsules, filiform endostome segments, stomata restricted to the urn and hairy calyptra, and all these characters matched the type of U. fuegiana. Malta (1927) also stated that U. fernandeziana was similar to U. fuegiana in the leaf shape, peristome structure and resembled U. rufula (¼U. germana) in capsule shape. Actually, U. germana differs from U. fuegiana by the always crisped leaves, remarkably differentiated perichaetial leaves, stomata occurring in the transitional zone between urn and neck, and linear but not slender endostome segments. Features of the type material of Ulota fernanderziana are generally consistent with those of U. fuegiana. Consequently, U. carinata and U. fernandeziana could not be clearly distinguished from U. fuegiana and thus they are reduced as synonyms here.
Similarly, we examined the types of U. rufula var. patagonica and U. fuegiana var. crispata and they both have crisped leaves, differentiated basal marginal leaf cells, filiform segments and stomata on the urn, thus they are actually consistent with U. fuegiana and therefore synonymized here. Malta's treatment (1927) for U. Darwinii was self-contradictory. On the one hand, he listed U. darwinii as a synonym of U. fuegiana, on the other hand, he put it under U. fuegiana as a subspecies. Recently, we obtained and observed its isotype in PC, but the material is very scanty. Despite no sporophyte, its leaf is well consistent with U. fuegiana's. The type materials of U. darwinii cited in Malta (1927) deposit in BM. Eight possible type specimens from BM were found in Global Plants database (http://plants.jstor.org/ specimen/ny01244149?s¼t). All these types are noted as O. luteolum, with only one simultaneously noted as U. darwinii, but their morphology is all apparently consistent with U. fuegiana. Malta (1927) with some hesitation reduced U. darwinii as a subspecies of U. fuegiana, and our result did not support this treatment either. Thus, we accepted his another suggestion (1927) , that reducing U. darwinii in the synonymy of U. fuegiana.
The main diagnostic characters of U. fuegiana are the flexuose or slightly crisped leaves, markedly differentiated basal marginal leaf cells, stomata restricted to the urn, eight slender endostome segments, and hairy calyptra. This species is very similar to U. germana and their difference has been mentioned above. Description: Plants green above, brown to black below, 0.5e1.0 cm tall. Leaves strongly crisped, sometimes flexuose when dry, erect-spreading to patent when moist, 1.4e2.6 mm long, lanceolate from a broad rounded base, long acuminate. Costa strong, ending shortly below the apex. Upper and middle laminal cells irregularly rounded, thick-walled, with 1 or 2 low papillae per cell; basal inner cells linear, elongate rectangular, vermicular, with thick wall, smooth; basal marginal cells often differentiated in 4e14 rows, hyaline, quadrate to rectangular, with only thickened transverse walls.
Autoicous. Perichaetial leaves much longer. Capsules often short exserted, cylindrical when moist, strongly constricted when dry, 8 furrows along the entire length; exothecial cells distinctly differentiated into eight bands. Stomata superficial, at the lower part of urn or junction between urn and neck. Peristome double; exostome teeth 16, united into 8 pairs, lanceolate, densely papillose on the outside, striate and papillose on the inside, often revolute when dry; endostome segments usually 8, linear, yellowish or hyaline, smooth on the outside, finely papillose on the inside. Opercula with a medium long beak. Calyptra campanulate, densely hairy. Spores spherical, finely papillose, 29e33 mm in diameter.
Habitat and distribution: Epiphytic, reported from Chile, Argentina and New Zealand (Sainsbury, 1945 (Sainsbury, , 1955 .
Discussion: The only specimen of U. germana cited by Montagne (1845) in the protologue is a mixture with U. fuegiana. He emphasized that this species is very similar to Ulota crispulum Bruch (¼U. crispa). Later, Mitten (1869) described it as having crisped leaves when dry. Concerning this, we know that the material with strongly crisped leaves in the type specimens is U. germana and the other material with flexuose leaves is U. fuegiana. Mitten (1869) described U. germana as having eight endostome segments, while Malta (1927) found that there were 16. After examining the types, we found that U. germana has only eight endostome segments. Like U. germana, the type specimen of U. rufula is also a mixture with U. fuegiana and the isotype in S agrees with the original description while the one in PC seems to be only U. fuegiana.
U. persubulata is first published by Dus en (1903) without morphological description. Malta (1927) reduced it to U. germana as a synonym without any comments. After examining the original material, we found it resembles U. germana in the conspicuous hyaline cells at the marginal leaf base, long perichaetial leaves, short exserted capsules, well-developed double peristome and densely hairy calyptra. We therefore confirmed Malta's treatment here.
U. germana is a very distinctive species easily recognized by the long perichaetial leaves, also mentioned by Robinson (1975) . But we cannot find it from Malta's illustration (1927) which most likely results from the impurity of the type specimens. Based on the crisped leaves, many rows of hyaline leaf alar cells, distinctly differentiated perichaetial leaves, stomata over the urn to neck transition and eight well-developed endostome segments, U. lobbiana and U. rufula var. fagicola are regarded as synonyms of U. germana here. According to Malta's protologue (1927), especially his illustrations, U. germana var. breviseta is similar to U. germana in the long perichaetial leaves. But we can't make a decision before examining its type specimen.
U. germana is distinguished from all congenerics by the following combination of characters: strongly crisped leaves, much longer perichaetial leaves, stomata (almost) over the urn to neck transition, eight linear endostome segments and densely hairy calyptra. U. germana resembles U. fuegiana in the flexuose or crisped leaves, conspicuously differentiated basal marginal leaf cells and eight endostome segments, but the latter has stomata restricted to the urn region, hardly differentiated perichaetial leaves, a longer seta and filiform, slender endostome segments. Besides that, U. germana also shares many characters with U. crispa but the latter is different in the hardly differentiated perichaetial leaves and longer seta.
Both holotypes of U. rufula var fagicola and Ulota pycnophylla have identical collection information and we thus named them here as a and b, respectively. Illustration: see Garilleti et al., 2015 . Description, habitat and distribution: see Garilleti et al., 2015 . Discussion: U. larrainii was published during the review period of this manuscript, we therefore have not enough time to obtain the type specimen by loan. In the description of Garilleti et al. (2015) , this species is morphologically very close to U. billbuckii and U. magellanica, especially the former. U. larrainii and U. billbuckii both have multicellular spores, short seta and short cylindrical capsules. But the basal membrane of endostome segments is short (only 1e2 cells high, never more than 1/4 high of exostome) in U. larrainii and high in U. billbuckii (often as 1/2 high as exostome). Garilleti et al. (2015) also mentioned the difference of spore shape between the two species. According to our study, however, unicellular spores in Ulota are generally irregularly spherical, multicellular spores vary to some extent in shape, from oblate, elliptic to spherical. Actually, the spore shape is usually correlated with the freshness of material, that the spores are often irregular in shape when the material is old, on the contrary, mostly spherical when the material is fresh. Our study has shown irregular variation in this character, which consequently has no taxonomic value. Additionally, the other morphological distinctions referred by Garilleti et al. (2015) for U. larrainii and U. billbuckii are weak, for example, spore size and seta length. It is notable that the description of U. larrainii in Garilleti et al. (2015) is most likely based on only the type collection. Although neither type nor nontype specimens were available for us, we still accepted it here due to the fairly detailed description and comparison in the protologue.
Additional specimens examined: None. Description: Plants dark green above, brown to black below, ca. 1 cm tall. Leaves erect or flexuose, rarely crisped when dry, erectspreading when moist, 1.2e1.9 mm long, lanceolate from a broad oval, sometimes rounded base, acuminate. Costa strong, ending shortly below the apex. Upper and middle laminal cells irregularly rounded, thick-walled, with 1 or 2 low papillae per cell; basal inner cells linear, elongate rectangular, vermicular with thickened wall, smooth; basal marginal cells often differentiated in 1e3 rows, hyaline, quadrate to rectangular, with thin walls.
Autoicous. Perichaetial leaves not markedly differentiated. Capsules long exserted, cylindrical when moist, weakly to strongly constricted when dry, 8 furrows along the entire length; exothecial cells clearly differentiated into eight bands. Stomata superficial, at the junction between urn and neck. Peristome double; exostome teeth 16, united into 8 pairs, lanceolate, densely papillose on the outside, striate and papillose on the inside, often revolute when dry; endostome segments 8, linear, yellowish or hyaline, smooth outside, slightly papillose on the inside. Opercula with a short beak. Calyptra campanulate, with many hairs. Spores spherical, finely papillose, 29e34 mm in diameter.
Discussion: U. luteola and U. fulvella are homotypic and the latter is illegitimate based on Wijk et al. (1969) . Malta (1927) placed U. luteola in synonymy of U. fulvella but did not mention their homotypic relationship. Both type specimens of U. luteola in NY and H are named as U. fulvella.
The type specimen of U. luteola in H is a mixed collection with U. fuegiana. U. luteola is easily distinguished from U. fuegiana by the usually erect or flexuose leaves, weakly differentiated basal marginal leaf cells, well-developed linear endostome segments and stomata occurring at the junction between urn and neck. The protologue of U. luteola is close to U. pygmaeothecia and as the earlier published name, U. luteola has priority and is retained here. This treatment is confirmed by previous descriptions for U. fulvella; for example, Mitten, in his protologue (1860), emphasized that the leaves in U. fulvella are not crisped when dry and Malta (1927) also stated that U. fulvella has only one, rarely two rows of hyaline cells at leaf base.
The diagnostic characters for U. luteola are flexuose leaves, a few rows of hyaline basal marginal leaf cells, stomata located at the junction between urn and neck, eight endostome segments and somewhat larger spores. It resembles U. pycnophylla, which can be separated by the usually erect leaves, more differentiated leaf basal marginal cells, narrowly lanceolate endostome segments and smaller spores. U. luteola is also closely related to U. crispa. Their sporophytes are quite similar, having cylindrical capsules, stomata confined to the junction between urn and neck, eight linear endostome segments, and a hairy calyptra. However, they have different gametophytes, for example U. crispa can be distinguished by the strongly crisped leaves and more than three rows of hyaline cells at basal leaf margin. Malta (1927) as a synonym of U. macrocalycina.
Description: Plants dark green above, brownish below, less than 1 cm tall. Leaves erect and appressed when dry, erect-spreading to patent when moist, 1.0e2.0 mm long, lanceolate from a broad oval base, acute. Costa strong, ending shortly below the apex. Upper and middle laminal cells irregularly rounded, thick-walled, with low papillae; basal inner cells linear, elongate rectangular, vermicular, smooth, thick-walled; basal marginal cells often differentiated in 3e10 rows, hyaline, quadrate to rectangular, mostly thin-walled.
Autoicous. Perichaetial leaves more or less differentiated. Capsules long exserted, cylindrical when moist, strongly constricted when dry, 8 furrows along the entire length; exothecial cells distinctly differentiated into eight bands. Stomata superficial, occur on the urn. Peristome double; exostome teeth 16, united into 8 pairs, lanceolate, densely and finely papillose on both surfaces, often revolute when dry; endostome segments usually 8, linear, hyaline or pale yellow, smooth on the outside, slightly papillose on the inside. Opercula with a short beak. Calyptra campanulate, naked. Spores spherical, brownish, finely papillose, 20e40 mm in diameter. Habitat and distribution: Epiphytic, Chile and Argentina. Discussion: U. macrocalycina is an easily identified species based on the following combination of characters: erect and appressed leaves, stomata located on the urn, often eight linear endostome segments and always naked calyptra. This species often grows with U. magellanica and resembles the latter in the noncrisped leaves and constricted capsules. However, U. magellanica has hardly differentiated basal marginal leaf cells, sixteen very wide endostome segments, stomata located at the transition between urn and neck, and sparsely hairy calyptra. Description: Plants green above, gradually brownish below, 0.5e1.0 cm tall. Leaves strongly crisped, sometimes flexuose when dry, patent to wide-spreading when moist, 1.2e3.0 mm long, lanceolate from a broader rounded base, acuminate. Costa strong, ending just below the apex. Upper and middle laminal cells irregularly rounded, thick-walled, with ca. 2 low papillae per cell; basal inner cells linear, elongate rectangular, vermicular, smooth, thickwalled; basal marginal cells often differentiated in 4e9 rows, hyaline, quadrate to rectangular, with only thickened transverse walls.
Autoicous. Perichaetial leaves somewhat differentiated. Capsules long exserted, cylindrical when moist, weakly constricted when dry, 8 furrows along the entire length; exothecial cells distinctly differentiated into eight bands. Stomata superficial, on the urn. Peristome double; exostome teeth 16, united into 8 pairs, lanceolate, densely and finely papillose on the outside, striate and papillose on the inside, often revolute when dry; endostome segments 16, narrow lanceolate, almost as tall as exostome, hyaline or pale yellow, smooth on the outside, slightly papillose on the inside. Opercula with a short beak. Calyptra campanulate, densely hairy.
Spores spherical, brownish, finely papillose, 30e43 mm in diameter.
Habitat and distribution: Epiphytic, endemic to Chile. Discussion: U. macrodontia has been infrequently reported since its original description. Malta (1927) in his protologue recognized this species as crisped leaves, many rows of hyaline cells at basal leaf margin, longer perichaetial leaves, eight endostome segments and densely hairy calyptra. Three specimens were cited by him (1927), including Dus en s.n. (in B herbarium), Dus en 434 (S), Dus en 516 (herbarium unknown). We found four specimens referred to these three Dus en's collections but no one from B in which it may be destroyed during the war. Among the four specimens, three of them are from S, including B157812, B157813 and B181248, one from H, i.e. H4334009. Now we found three problems about these syntypes: 1. Type collection information is not strictly identical with Malta's citation. For example, the collection date of H4334009 is Jan. 11, different from Malta's citation of Jan. 14. Also, only the collection year "1897" was present in S-B157812, but Malta (1927) clearly indicated it as "Jan. 11, 1897". The collection information of S-B157813 and S-B181248 is well consistent with the protologue. 2. Type materials are mixture of three species. Two of them belong to Ulota, one belongs to Orthotrichum. 3.
Morphological characters in Malta's illustration are based on different species. As mentioned above, there are two Ulota species mixed together in the type materials and both are very similar with Malta's protologue (1927) , except segment number of endostome, that one has eight segments, the other has 16 segments, and the former matches well with Malta's description (1927) . But at the same time, we found a well-kept picture of U. macrodontia in the package of H4334009 and the capsules and peristome in this picture are completely identical with those of Malta's drawings in the protologue. And there was also a densely hairy calyptra in the herbarium picture but absent in Malta's original publishment. He indicated that all the characters in herbarium picture are based on the collection of Dus en 434, namely S-B157813 and H4334009. There are two Ulota species mixed together in these two types, one possesses long cylindrical capsules and densely hairy calyptra, but 16 endostome segments; another has cylindrical capsules, but eight endostome segments and calyptra hairiness unknown. Confused illustration raise doubt more or less upon the accuracy of Malta's description. According to our observation, the material in the type with eight endostome segments has much longer perichaetial leaves and stomata confined to the transition zone between urn and neck, and thus it should be U. germana; while another material with 16 endostome segments bears hardly differentiated perichaetial leaves and stomata restricted to the urn, is different from any other species in Ulota. Considering this, we therefore defined the latter as U. macrodontia.
The most prominent characters of U. macrodontia are the crisped leaves and 16 endostome segments. It is closely related to U. crispa in the crisped leaves, remarkably differentiated basal leaf margin and double peristomes. However, U. crispa is different in the stomata confined to the transitional zone between urn and neck, and usually eight endostome segments.
Additional specimens examined: None.
5.9. Ulota magellanica (Mont.) A.Jaeger, Ber. Th€ atigk. St. Gallischen Naturwiss. Ges. 1872e73: 164. 1874. (Figs. 12 and 13 ).
≡O. magellanicum Mont., Ann. Sci. Nat., Bot., s er. Wijk et al. (1969) as a synonym of U. magellanica.
Description: Plants green above, brown to black below, less than 1 cm tall. Leaves erect, sinuose at upper part and mostly falcate when dry, patent when moist, 0.8e2.3 mm long, lanceolate with a broad rounded base, acuminate. Costa strong, ending just below the apex. Upper and middle laminal cells irregularly rounded, thick-walled, with low papillae; basal inner cells linear, rhomboidal, elongate rectangular with thickened wall, smooth; basal marginal cells often differentiated in 1e3, rarely 5 rows, hyaline, quadrate to rectangular, with thin or only transversely thickened walls.
Autoicous. Perichaetial leaves not markedly differentiated. Capsules long exserted, cylindrical when moist, strongly constricted when dry, with 8 furrows along the entire length; exothecial cells distinctly differentiated into eight bands. Stomata superficial, at the junction between urn and neck. Peristome double; exostome teeth 16, united into 8 pairs, lanceolate, densely and finely papillose on the outside, striate and papillose on the inside, often revolute when dry; endostome segments 16, broad, lanceolate, as wide as exostome, hyaline, smooth outside, finely striate and papillose inside. Opercula with a short beak. Calyptra campanulate, with few hairs. Spores irregularly spherical, finely papillose, very large, 40e103 mm in diameter, unicellular.
Discussion: U. magellanica has been a quite remarkable species until two new species described recently (Garilleti et al., 2012 (Garilleti et al., , 2015 , i.e. U. billbuckii and U. larrainii. They are closely related to U. magellanica in morphology, including non-crisped leaves, scarcely differentiated basal marginal leaf cells, 16 broad endostome segments and rather large spores. According to their protologues, U. magellanica is different from U. billbuckii by the low basal membrane (only 1e2 cell high and sometimes completely absent) and unicellular spores, from U. larrainii by the long vaginula hairs, cylindrical capsules and unicellular spores. We have not seen the type specimens of U. billbuckii and U. larrainii, and only three nontype collections of U. billbuckii were examined, and thus comments here are mostly based on the descriptions of Garilleti et al. (2012 Garilleti et al. ( , 2015 . (Fig. 14) .
Type: DENMARK. "E Danice maritimus. Ludwigius. 1811" (holotype B31024101!).
Description: Plants green above, gradually brown below, 1.0e2.0 cm tall. Leaves strongly crisped when dry, patent to spreading when moist, 2.8e4.7 mm long, lanceolate to obvate lanceolate, long acuminate. Costa strong, ending just below the apex, sometimes shortly excurrent with many gemmae on it. Upper and middle laminal cells irregularly rounded, thick-walled, with 1 or 3 low papillae per cell; basal inner cells linear, elongate rectangular, vermicular, smooth, thick-walled; basal marginal cells not differentiated. Gemmae cylindrical or club-shaped, usually abundant on the leaf apex. No sporophyte seen.
Habitat and distribution: Epiphytic, known from Chile and Argentina.
Discussion: U. phyllantha is the most widespread species within Ulota, and also one of the most easily diagnosable taxa in the genus. It is dioicous, produces abundant gemmae at the tip of the leaves, which are strongly crisped, and the basal marginal leaf cells are hardly differentiated. Unlike other Ulota spp., U. phyllantha rarely produces capsules and is exclusively restricted to coastal habitats. Most recently, this species was erected as a new genus (Plasek et al., 2015) , i.e. Plenogemma Plasek, Sawicki & Ochyra, but we considered that this still needs more strong molecular evidences and thus view this taxon as a member of Ulota here.
Additional specimens examined: ARGENTINA. Tierra del 5.11. Ulota pusilla Malta, Acta Horti Bot. Univ. Latv. 2: 193. 1927. (Figs. 15 and 16 Description: Plants green above, gradually brownish below, less than 1 cm tall. Stems somewhat slender. Leaves erect or flexuose when dry, erect-spreading to patent when moist, 1.3e2.1 mm long, lanceolate with a broader rounded base, acuminate. Costa strong, ending just below the apex. Upper and middle laminal cells irregularly rounded, thick-walled, with 1 or 2 low papillae per cell; basal inner cells linear, elongate rectangular with thickened wall, smooth; basal marginal cells differentiated in 6e9 rows, hyaline, quadrate to rectangular, with thin or only transversely thickened walls.
Autoicous. Perichaetial leaves not markedly differentiated. Capsules long exserted, cylindrical when moist, weakly constricted when dry, 8 furrows along the entire length; exothecial cells clearly differentiated into eight bands. Stomata superficial, on the urn. Peristome double; exostome teeth 16, united into 8 pairs, lanceolate, densely and strongly papillose on the outside, striate on the inside, often revolute when dry; endostome segments 16, as tall as the teeth, sometimes alternatively 8 long 8 short and the short ones occasionally fugacious, lanceolate to linear, yellowish, smooth outside, densely and finely papillose on the inside. Opercula with a medium long beak. Calyptra campanulate, with few or many hairs.
Spores spherical, finely papillose, 25e43 mm in diameter.
Discussion: Malta stated in his protologue (1927) that U. lativentrosa resembled U. pusilla in the basal leaf margin, papillae on leaf cells, capsule neck and peristome, but differed in the cylindrical capsule and much smaller spores. We failed to find any obvious difference in the capsule shape and spore size between these two species after examining their type materials and thus reduced U. lativentrosa to a synonym. The main diagnostic characters of U. pusilla are non-crisped leaves, distinctly differentiated basal marginal leaf cells, stomata located over the urn and 16 endostome segments with strongly papillose. U. pusilla is very similar to U. macrodontia, but the latter has crisped leaves and much weaker peristome ornamentation. Malta (1927) mentioned a non-type specimen of U. magellanica (Halle & Skottsberg 460, S-B158026) whose collection information is the same as the type of U. pusilla. We cited them respectively as a and b at this work.
Additional specimens examined: ARGENTINA. Chubut: Lago Men endez, A. Kalela B248j (1) Description: Plants green above, brownish below, less than 1 cm tall. Leaves erect or slightly flexuose, appressed or slightly open when dry, erect-spreading when moist, 1.0e2.4 mm long, lanceolate from a broad oval base, acute. Costa strong, ending just below the apex. Upper and middle laminal cells irregularly rounded, thick-walled, almost smooth or with short papillae; basal inner cells linear, elongate rectangular, smooth, thick-walled; basal marginal cells differentiated in 5e10 rows, hyaline, quadrate to rectangular, with thin, sometimes slightly thickened walls.
Autoicous. Perichaetial leaves somewhat differentiated. Capsules long exserted, cylindrical when moist, moderately to strongly constricted when dry, 8 furrows along the entire length; exothecial cells clearly differentiated into eight bands. Stomata superficial, at the junction between neck and urn. Peristome double; exostome teeth 16, united into 8 pairs, lanceolate, densely papillose on the outer surface, which fuse into papillose ridges differently orientated on the inner surface, usually revolute when dry; endostome segments usually 8, narrow lanceolate, hyaline or pale yellow, smooth outside, slightly coarse inside. Opercula with a short beak. Calyptra campanulate, densely hairy. Spores spherical, brownish, finely papillose, 18e30 mm in diameter.
Habitat and distribution: Only known from Chile where it grows on trees.
Discussion: U. pycnophylla has been rarely mentioned in previous studies. The dissection of an operculate capsule from the type of U. pycnophylla revealed that the endostome is composed of eight segments, but Malta's (1927) found some specimens had more segments. In the protologue, Malta (1927) stated that he did not find calyptra in the type of U. aurantiaca. Nevertheless, we saw one in the type, and it is campanulate and hairy. U. aurantiaca is similar to U. pycnophylla in leaf shape, stomata position, peristome structure and calyptra hairiness, and they are therefore considered conspecific.
U. pycnophylla resembles U. macrocalycina by its leaves, which are small, erect when dry, have an oval base and many rows of hyaline cells with thin walls. However, the latter is distinguished by the stomata that are formed above the neck in the region of the urn, the exostome teeth not fusing into papillose ridges on the inner surface, and the naked calyptra.
There is a non-type specimen (P. Dus en 15, S-B158009) cited by Malta (1927) in U. macrocalycina. Its collection information is the same as the holotype of U. aurantiaca and thus we also named them a and b, respectively.
Additional specimens examined: None Discussion: U. rhytiore is the only species in Central American within Ulota so far and all the available studies are based on the type material, which was scanty when we obtained it. In this case, we did not dissect any capsule from the holotype, and the sporophyte is described based on our observation under stereomicroscope and a previous study (Albertos et al., 2008) . It is a very distinct species with apparently no peristome, strongly flexuose leaves, fusiform capsules and stomata present only on the urn. The Chinese species, Ulota gymnostoma (Guo et al., 2004) , is very similar to U. rhytiore in capsule shape, lack of peristome and calyptra hairiness, but differs in the strongly crisped leaves, those being flexuose or spirally twisted in U. rhytiore. Additionally, U. gymnostoma has short exserted capsules and stomata located at the transition between urn and neck, whereas U. rhytiore has emergent capsules and stomata distributed over the urn.
Additional specimens examined: None Description: Plants green above, brownish below, ca. 0.5 cm tall. Leaves strongly flexuose when dry, lanceolate from a broad oval base, acuminate. Costa strong, ending just below the apex. Upper and middle laminal cells irregularly rounded, thick-walled, with short papillae; basal inner cells linear, elongate rectangular, smooth, thick-walled; basal marginal cells differentiated only one row, hyaline, quadrate to rectangular, with thin or slightly thickened walls.
Autoicous. Perichaetial leaves somewhat differentiated. Capsules short to long exserted, cylindrical when moist, moderately constricted when dry, somewhat puckered at mouth, 8 furrows along the entire length; exothecial cells clearly differentiated into eight bands. Stomata superficial, on the urn. Peristome double; exostome teeth 16, united into 8 pairs, lanceolate, densely and finely papillose, usually recurved when dry; endostome not seen. Opercula not seen. Calyptra campanulate, densely hairy. Spores not seen.
Illustration: see Garilleti et al., 2012 .
Habitat and distribution: endemic to Chile, grow on trees (Garilleti et al., 2012) .
Discussion: U. streptodon is one of three species (including U. billbuckii and U. larrainii) with multicellular spores in South America. Besides that, it also can be distinguished by the erect leaves, only 1e2 rows of hyaline basal marginal leaf cells, puckered capsule mouth and rudimentary or sometimes absent endostome segments. U. streptodon resembles U. billbuckii and U. larrainii in the non-crisped leaves and the giant multicellular spores, however, the latter two species have well-developed endostome segments and capsules without a puckered mouth. We have seen only one collection referred to U. streptodon during this work and a more complete description and detailed discussion were provided by Garilleti et al. (2012) .
Additional specimens examined: CHILE. Ranco: Cordillera Pelada, G. Hollermagor s.n. (S, no barcode). U. angustissima has been ignored by bryologists for a long time. Müller (1897) in the protologue stated that the spirally twisted leaves distinguish it from all other species in Ulota and this character made us think of the suggestions of Brotherus (1925) and Malta (1927) that this taxon probably belongs to Macromitrium. The type specimen from S is very poor, consisting only of several stems and a fragmentary capsule. We could only observe that the species has flexuose to moderately crisped, lanceolate leaves with a rounded base, 4e5 rows of hyaline cells at the basal leaf margin with only thickened transverse walls, and stomata located at the middle of capsule. The type specimens in NY and G are not available for us, but we obtained their photos from the website of Global Plants. The morphology of these three types is generally consistent. The material from NY is also fragmentary according to the photos but that in G is much better, especially we can see the "spirally twisted leaves" and a complete long-exserted capsule in the latter. Therefore, considering all hitherto known characters, including flexuose to crisped leaves, several rows of hyaline cells at leaf base, long seta, stomata confined to the urn, U. angustissima has much in common with U. fuegiana. Although these features mostly also occur in U. macrocalycina, U. macrodontia and U. pusilla, but the leaves are erect and appressed in U. macrocalycina, strongly crisped in U. macrodontia and erect to fleuxose in U. pusilla. We have not observed the peristome of U. angustissima and thus cannot reduce it as a synonym of U. fuegiana at present work, but we can be sure that this species definitely belongs to Ulota, rather than Macromitrium as suggested by Brotherus (1925) and Malta (1927) .
Doubtful Taxa
Moreover, we found two specimens (H4334010 & S-B177720) which have the same collection information with the type of U. angustissima, but there were written as "U. rufula" on their packages, not U. angustissima, and thus they should not be type specimens. Our observation confirmed the previous determination of these two specimens, but some U. fuegiana were mixed in H4334010. U. ventricosa has rarely, if ever, been mentioned in the literature. Malta (1927) cited only two specimens of U. ventricosa in his protologue (Philippi s.n. & P. Dus en s.n.) and both deposited in B herbarium. But we have not obtained any information about them by requesting loan or searching in the herbarium database, neither in any other herbaria consulted. Only a non-type specimen as U. ventricosa (Fuegia, Beagle Canal, leg. M. G usinde 357, Mar. 1922) was found in S (no barcode) so far, but the material is little, consisting of three incomplete branches, and its morphology agrees well with Orthotrichum bicolor Th er., rather than Ulota species. But this is not type and thus cannot be used to define U. ventricosa. In fact, U. ventricosa, in Malta's protologue (1927) , has undifferentiated basal leaf margin, eight pairs of exostome teeth and sixteen endostome segments. It was considered by Malta (1927) to be related to U. magellanica, but U. ventricosa differs in the widespreading leaves and naked calyptra. These distinctions, however, are obviously weak and thus it is most likely to be a synonym of U. magellanica. Although Malta (1927) gave detailed description and illustration of U. ventricosa, considering it has not been reported for a quite long time, it is not possible for us to settle the taxonomic position of this taxon only from the protologue.
